Theoretical study on charge-transfer interaction between acyl-CoA dehydrogenase and 3-thiaacyl-CoA using density functional method.
Acyl-CoA dehydrogenase forms a complex with a substrate analog, 3-thiaacyl-CoA, exhibiting a charge-transfer (CT) band. The structure of a complex model of oxidized lumiflavin with deprotonated 3-thiabutanoate ethylthioester designed for the above CT complex was fully optimized by means of density functional theory (DFT), the spatial arrangement being similar to the corresponding X-ray structure reported previously. The electrostatic interaction between flavin and an anionic ligand, therefore, plays a major role in determination of the arrangement of the CT complex. When the excitation energies and oscillator strengths for the optimized structures of complex models including oxidized 8-substituted lumiflavins were calculated, the obtained wavelengths correlated well with observed values reported. Subsequently, we carried out DFT calculations for new complex models redesigned for complexes of oxidized 8-substituted FADs with an anionic ligand by introducing hydrogen bonds at the carbonyl group of the ligand with the 2'-hydroxyl group of the N10-ribityl of FAD and with the main-chain amide group of Glu376. The CT absorbing wavelengths of the new complex models exhibited better correlation with those observed previously. Consequently, comparison of substituent effects on the DFT calculations for the complex models will lead to a deeper understanding of the CT interaction and the effect of the hydrogen-bonding interaction on the CT framework.